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Introduction 43 

This study tested the hypothesis that providing personalized nutritional advice and feedback 44 

more frequently would promote larger, more appropriate, and sustained changes in dietary 45 

behavior as well as greater reduction in adiposity. 46 

Study design 47 

A 6-month RCT (Food4Me) was conducted in seven European countries between 2012 and 48 

2013. 49 

Setting/participants 50 

A total of 1,125 participants were randomized to Lower- (n=562) or Higher- (n=563) Frequency 51 

Feedback groups. 52 

Intervention 53 

Participants in the Lower-Frequency group received personalized nutritional advice at baseline 54 

and at Months 3 and 6 of the intervention, whereas the Higher-Frequency group received 55 

personalized nutritional advice at baseline and at Months 1, 2, 3 and 6. 56 

Main outcome measures 57 

The primary outcomes were change in dietary intake (at food and nutrient levels) and obesity-58 

related traits (body weight, BMI, and waist circumference). Participants completed an online 59 

Food Frequency Questionnaire to estimate usual dietary intake at baseline and at Months 3 and 6 60 

of the intervention. Overall diet quality was evaluated using the 2010 Healthy Eating Index. 61 

Obesity-related traits were self-measured and reported by participants via the Internet. Statistical 62 

analyses were performed during the first quarter of 2018. 63 

 64 

Results 65 
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At 3 months, participants in the Lower- and Higher-Frequency Feedback groups showed 66 

improvements in Healthy Eating Index score; this improvement was larger in the Higher-67 

Frequency group than the Lower-Frequency group (Δ=1.84 points, 95% CI=0.79, 2.89, 68 

p=0.0001). Similarly, there were greater improvements for the Higher- versus Lower-Frequency 69 

group for body weight (Δ= −0.73 kg, 95% CI= −1.07, −0.38, p<0.0001), BMI (Δ= −0.24 kg/m2, 70 

95% CI= −0.36, −0.13, p<0.0001), and waist circumference (Δ= −1.20 cm, 95% CI= −2.36, 71 

−0.04, p=0.039). However, only body weight and BMI remained significant at 6 months. 72 

Conclusions 73 

At 3 months, higher-frequency feedback produced larger improvements in overall diet quality as 74 

well as in body weight and waist circumference than lower-frequency feedback. However, only 75 

body weight and BMI remained significant at 6 months. 76 

 77 

Trial registration 78 

This study is registered at www.clinicaltrials.gov NCT01530139. 79 

 80 

  81 
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INTRODUCTION  82 

Poor diet and lack of physical activity (PA) are major risk factors for non-communicable 83 

diseases (NCDs) including type 2 diabetes, cardiovascular diseases and many cancers 1, 2. Up to 84 

80% of these diseases could be prevented by eliminating shared risk factors, including unhealthy 85 

diet, physical inactivity and excess alcohol consumption 3. This emphasizes the importance of 86 

changing lifestyle to improve public health.  87 

 88 

Most population strategies to reduce NCD burden have used ‘one size fits all’ public health 89 

recommendations e.g. ‘eat at least five portions of fruit and vegetables daily’ 4. However, the 90 

prevalence of obesity and the global burden of NCDs continue to rise, underlining the need for 91 

more effective intervention strategies 5. Personalized dietary interventions, designed according to 92 

key characteristics of the individual participants 5, 6, have been shown to be effective in 93 

improving lifestyle-related behaviours 7-10. Recent evidence from the Food4Me study – a 94 

European randomized controlled trial (RCT) – suggests that the internet is a feasible and 95 

acceptable platform for delivering effective and large-scale lifestyle-based interventions 7. 96 

However, the intervention designs that are associated with larger and more sustainable 97 

behavioural changes are unknown. Since providing feedback is a behaviour change technique 98 

associated with increased efficacy of dietary interventions 11, within the Food4Me Study, we 99 

investigated whether Higher Frequency Feedback led to larger and more appropriate changes in 100 

health-related behaviors (diet and adiposity) than Lower Frequency Feedback and whether any 101 

advantage was sustained in the medium term. 102 

 103 
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METHODS  104 

Study design 105 

The Food4Me ‘Proof of Principle’ study was a 6-month RCT, conducted across seven European 106 

countries to compare the effects of three levels of personalized nutrition (PN) advice with 107 

standard population dietary recommendations (Control) on health-related outcomes. Participants 108 

were randomized to one of four intervention arms (Level 0 (L0): Control group and L1, L2 and 109 

L3: personalized nutrition groups). Full details of the study protocol have been summarised in 110 

Appendix material and elsewhere 12. The current study aimed to determine whether the provision 111 

of more frequent feedback and advice was more efficacious in assisting and/or motivating study 112 

participants to make, and to sustain, appropriate health-promoting behaviour changes, than less 113 

frequent feedback. To answer this question, those participants randomised to L1, 2 and 3 only 114 

were further randomised into Lower and Higher Frequency Feedback groups (more details on the 115 

personalized feedback provided for L1, L2 and L3 participants are provided in Appendix 116 

materials). For that reason, participants randomised to the L0 “Control group” were not included 117 

in this analysis. The following feedback was provided to Lower and Higher Frequency Feedback 118 

groups:  119 

• Lower Frequency Feedback: personalized dietary advice based on individual dietary 120 

intake (at food and nutrients level), and/or phenotypic, and/or genotypic data. 121 

Personalized feedback and advice was delivered at baseline, month 3 and 6. 122 

• Higher Frequency Feedback: personalized dietary advice based on individual dietary 123 

intake (at food and nutrients level), and/or phenotypic, and/or genotypic data. 124 

Personalized feedback and advice was delivered at baseline and at months 1, 2, 3 and 6. 125 
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 126 

Outcomes 127 

The primary outcomes were change in dietary intake of food items or target nutrients and 128 

obesity-related traits (body weight, BMI and WC) between Higher and Lower Frequency 129 

Feedback groups, at month 3 and at month 6. 130 

 131 

Recruitment and randomization 132 

Participants were recruited in 7 European countries (Ireland, The Netherlands, Spain, Greece, 133 

United Kingdom, Poland and Germany). Participants were screened online between August 2012 134 

and August 2013 as described elsewhere 12. We aimed to recruit a total of 1540 study 135 

participants aged ≥18 years 12. Participants were randomized using an automated server designed 136 

for the study according to an urn randomization scheme stratified by country, sex and age (<45 137 

or ≥45 years) 13. 138 

 139 

Eligibility criteria 140 

Participants aged ≥18 years of age were included in the study with no restrictions on BMI levels. 141 

The following minimal sets of exclusion criteria were applied: i) pregnant or lactating; ii) no or 142 

limited access to the Internet; iii) following a prescribed diet for any reason, including weight 143 

loss, in the last 3 months; iv) diabetes, coeliac disease, Crohn’s disease, or any metabolic disease 144 

or condition altering nutritional requirements, food allergies or intolerances. 145 
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 146 

Ethics approval and participant consent 147 

The Research Ethics Committees at each University or Research Centre delivering the 148 

intervention granted approval for the study. Prior to participation, potential volunteers completed 149 

an informed consent form online before submitting personal data. 150 

 151 

Personalized feedback report 152 

Participants randomized to PN groups (L1, L2 and L3) received personalized feedback and 153 

advice which was derived manually using decision trees, developed specifically for the Food4Me 154 

study (Table S1 and S2) 14. For individuals randomized to the Lower Frequency Feedback group, 155 

dietary intake (at food and nutrients levels), physical activity and anthropometric measures were 156 

assessed and feedback provided within one week at baseline, month 3 and month 6 only, while 157 

measurements in those randomised to the Higher Frequency Feedback were performed and 158 

feedback provided within one week additionally at months 1 and 2 (Appendix methods). For 159 

body weight, BMI and WC we provided PN advice to reduce these phenotypic markers for both 160 

groups if their BMI was ≥25.0 kg.m-2 and/or WC was >88 and >102 cm for women and men 161 

respectively. Dietary intakes were assessed using a validated online Food Frequency 162 

Questionnaire (FFQ) 14-17 and intakes of food groups and nutrients categorized as too high or too 163 

low were identified and ranked (Fig S1). Contributing foods were identified and specific 164 

messages were developed, according to standardized algorithms, to advise change in intake of 165 

those foods and targeted nutrients 12, 14-17. To maximise potential for translation into improved 166 

dietary behaviour, this advice was operationalised as 3 individual food-based dietary goals. For 167 
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participants randomized to L2 and L3, the feedback also included, and referred to, phenotypic 168 

measures (including blood glucose, cholesterol, carotenoids, fatty acids and obesity-related 169 

markers) (L2) and phenotypic plus genotypic data (L3). Details of these feedback reports are 170 

described in the Table S2, and Fig S1 and S2 and elsewhere 12. 171 

 172 

Study measurements 173 

Data collection 174 

Participants consented to self-report their measures via the Internet and to send biological 175 

samples (buccal swabs for DNA extraction and dried blood spots) by post (detail are provided in 176 

Appendix methods). A summary of all measurements made at each time point is provided in 177 

Table S1.  178 

 179 

Socio-demographic and anthropometric measures 180 

Participants provided socio-demographic (age, sex and ethnicity), smoking behaviour, medically 181 

diagnosed diseases and anthropometric data online at screening, and detailed information on 182 

dietary intake and food preferences 12. Occupations were grouped according to the European 183 

classifications (professional and managerial, intermediate, routine and manual,  service and sales 184 

workers,  elementary occupations, students and retired)18. 185 

 186 

Body weight, height and WC were self-measured and self-reported by participants via the 187 

Internet. Participants were instructed to measure body weight after an overnight fast, without 188 
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shoes and wearing light clothing using a home or commercial scale, and to measure height, 189 

barefoot, using a standardised measuring tape provided by the researchers. WC was measured at 190 

the mid-point between the lower rib and the iliac crest using the provided tape 19. Central obesity 191 

was defined as WC >88 cm for women and >102 cm for men. BMI (kg.m-2) was calculated from 192 

body weight and height. Adiposity status was defined using World Health Organization (WHO) 193 

criteria for BMI (underweight <18.5 kg.m-2, normal weight ≥18.5 kg.m-2 to ≤24.9 kg.m-2, 194 

overweight ≥25.0 kg.m-2 to ≤29.9 kg.m-2 and obesity ≥30.0 kg.m-2). At least 5% and 10% body 195 

weight reduction at months 3 and 6 was used as a clinically meaningful degree of weight loss, as 196 

has been reported previously 9, 20. Self-reported measurements were validated in a sub-sample of 197 

the participants (n=140) across 7 European countries and showed a high degree of reliability 198 

(Appendix methods) 19.  199 

 200 

Dietary intake measures 201 

Participants completed an online food frequency questionnaire (FFQ) to estimate usual dietary 202 

intake at baseline and at months 3 and 6 of the intervention. This FFQ, which was developed and 203 

validated for the Food4Me Study 21, 22, included 157 food items consumed frequently in each of 204 

the 7 recruitment countries 21. Overall diet quality was evaluated using the 2010-Healthy Eating 205 

Index (HEI-2010) 23. Further details on dietary intake measures are provided in Appendix 206 

methods.  207 

 208 

Physical activity measures 209 
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Physical activity levels (PAL, i.e. total energy expenditure / calculated basal metabolic rate) and 210 

time spent in sedentary behaviours (min/day) were measured objectively using triaxial 211 

accelerometers (TracmorD, Philips Consumer Lifestyle, The Netherlands). Physically active 212 

individuals were defined as those achieving ≥150 minutes of moderate-equivalent PA per week 213 

24. Further details on physical activity measures are described in detail in Appendix methods.  214 

 215 

Statistical analysis 216 

To answer our research question “Is higher frequency of feedback more effective in assisting 217 

and/or motivating study participants to make, and to sustain, appropriate health-promoting 218 

changes, than Lower Frequency of Feedback?”, intervention effects on overall diet quality and 219 

targeted personalized nutrients were assessed. Participants randomized to Levels 1 - 3 only were 220 

included in this analysis because only they were randomized by feedback frequency.  221 

 222 

Twenty multiple imputations were performed following current guidelines for epidemiological 223 

and clinical research 25 by fully conditional specification methods 26 which is a powerful and 224 

statistically valid method for creating imputations in large data sets which include both 225 

categorical and continuous variables. It specifies the multivariate imputation model on a 226 

variable-by-variable basis and offers a principled yet flexible method of addressing missing data, 227 

which is particularly useful for large data sets with complex data structures (level of missing data 228 

is summarised in Table S4).  229 

 230 
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Results from descriptive analyses are presented as means and SD or 95% CI for continuous 231 

variables or as percentages for categorical variables. To answer our primary research question, 232 

we used a linear mixed model (LMM) with fixed effects and random intercept for participants 233 

with time point fitted into the model as a linear term (baseline, month 3 and month 6), baseline 234 

age, sex, occupation, country and intervention arm as covariates (model for body weight, BMI 235 

and WC were additionally adjusted for total physical activity levels). Contrast analyses were 236 

used determine changes in outcomes (diet quality, target nutrients, body weight, BMI and WC) 237 

from baseline to month 3 and from baseline to month 6 by feedback frequency group (Lower and 238 

Higher). These results were reported as delta [month 3 – month 0] and its 95% CI. Similar 239 

estimations were performed for change at month 6. The differences between deltas for Lower 240 

and Higher Frequency Feedback groups at month 3 and at month 6 were tested using LMM and 241 

reported as delta [Higher – Lower] and their 95% CI. The effect size for the delta between 242 

Feedback groups at month 3 and 6 were estimated as the ratio of the observed delta to the 243 

baseline standard deviation of each measure. This gives a value similar to a Cohen's d and, 244 

therefore, effects sizes <0.2 would be considered small. These analyses were performed under 245 

two main scenarios; Scenario 1 included all participants randomised to the Lower or Higher 246 

Frequency Feedback groups with the overall HEI score as outcome measure. Scenario 2 was 247 

conducted using a restricted sample, which included only those participants who were advised to 248 

reduce, or increase, the intake of specific nutrients (salt, saturated fat, dietary fibre, folate, 249 

polyunsaturated fat and total energy intake) and/or received advice to change obesity-related 250 

traits (body weight, BMI and WC).  251 

 252 
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Binomial regression with a log link to directly estimate risk ratios were performed to investigate 253 

whether participants allocated to the Higher Frequency Feedback group were more likely to 254 

achieve ≥5% and ≥10% weight loss in comparison with those in the Lower Frequency group and 255 

findings are reported as risk ratio and 95% CI (RR [95% CI]). Similarly, to investigate 256 

differences in drop out from the study at months 3 and 6 between Frequency groups, we 257 

performed binomial regression analyses and risk ratios were estimated (Lower Frequency 258 

Feedback group was used as reference) (Table S5). 259 

All statistical analyses were performed using Stata (version 14; StataCorp, College Station, TX, 260 

USA) during the first quarter of 2019, and significance was set at P<0.05. 261 

 262 

RESULTS  263 

STUDY PARTICIPANTS 264 

A total of 5,562 participants were screened online between August 2012 and August 2013; the 265 

characteristics of these individuals have been reported elsewhere 27. The first 1607 volunteers 266 

meeting the inclusion criteria were recruited to the RCT (Fig 1), however, for the purpose of this 267 

study, only those randomized to Lower Frequency  (n=562) and Higher Frequency  (n=563) 268 

Feedback groups were included in this analysis. Of these, 498 and 460 participants completed the 269 

study for the Lower and Higher Frequency groups, respectively (Fig 1) i.e. 85.2% of all 270 

participants. However, our analysis revealed that, compared with the Lower Frequency group, 271 

individuals in the Higher Frequency group were more likely to have dropped out of the study by 272 

months 3 and 6, respectively (RR: 1.78 [95% CI: 1.1.21, 2.62], p=0.003 and 1.58 [95% CI: 1.16, 273 

2.16], p=0.004), independent of age, intervention arm, sex, country, occupation and BMI (Table 274 
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S6). Baseline characteristics of the participants by feedback frequency are shown in Table S5. 275 

No major differences in dietary intakes at baseline were observed between frequency groups 276 

(Tables 1 and S7).  277 

 278 

Effect of frequency of feedback on diet quality scores 279 

Participants in the Food4Me study who were randomized to PN improved their overall diet 280 

quality over the three-month intervention period (Table 1 and Fig 1). However, the improvement 281 

was significantly greater in the Higher Frequency group compared with the Lower Frequency 282 

group (delta: 1.84 points [95% CI: 0.79, 2.89), p=0.0001). The analysis by HEI sub-component 283 

showed that, at month 3, both groups achieved improvements in all HEI sub-components except 284 

for diary, seafood and plants proteins and empty calories for both Frequency groups (Table S7). 285 

However compared with the Lower Frequency group, participants in the Higher Frequency 286 

group achieved significantly bigger health-promoting changes in fatty acids ratio (delta 0.07 287 

[95% CI: 0.03, 0.11], p=0.001), refined grains (delta -6.96 [95% CI:-13.6, -0.29], p=0.041)  and 288 

salt intake (delta -0.08 [95% CI:-0.14, -0.01], p=0.019) (Table S7). There were no differences 289 

between Frequency group for fruit, vegetables, greens & beans, wholegrain, diary, total protein, 290 

refined grains and empty calories (Table S7).       291 

 292 

At month 6, there were improvements in the overall HEI score and for HEI subcomponents, 293 

except for diary, seafood and plants proteins and empty calories, in both Lower and Higher 294 

Frequency groups compared with baseline but the magnitudes of these changes between 295 

Frequency groups were no longer significant (Table S7).   296 
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 297 

 Effects of frequency of feedback on intakes of target nutrients and on obesity-related traits 298 

To determine effects on feedback frequency on specific nutrients targeted by the PN 299 

intervention, we assessed changes in the five most common targets for personalized advice i.e. 300 

salt, saturated fat, dietary fibre, folate and polyunsaturated fats. In addition, we investigated 301 

changes in total energy intake, body weight, BMI and WC for those participants who were 302 

advised to reduce these variables.  303 

 304 

At month 3, there were improvements from baseline for all target outcomes in both the Lower 305 

and Higher Frequency groups, except folate that was not improved at month 3 in the Low 306 

Feedback group (Table 1). The magnitude of these changes was significantly greater for 307 

participants in the Higher Frequency group compared with the Lower Frequency group for salt 308 

and saturated fat intake as well as for body weight, BMI and WC (Table 1).  At month 6, all 309 

target outcomes showed improvements compared with baseline for both Lower and Higher 310 

Frequency groups except for dietary fibre in the High Feedback group. Differences between 311 

Frequency groups were no longer significant except for body weight and BMI (Table 1 and Fig 312 

2).   313 

 314 

Figure 3 shows the percentage of participants who achieved at least 5% or 10% weight loss at 315 

months 3 and 6 by Frequency group. Individuals randomized to the Higher Frequency group 316 

were more likely to achieve ≥5% and ≥10% reduction in body weight compared with the Lower 317 

frequency group at month 3 (RR: 1.72 [95% CI: 1.24, 2.37], p=0.001 and 1.81 [95% CI: 1.29, 318 

2.54], p=0.001). At month 6, although participants in the High Frequency group were more 319 
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likely to achieve a ≥5% weight loss compares to the Lower Frequency group (RR: 1.54 [95% CI: 320 

1.12, 2.10], p=0.008), no differences were found for participants achieving a 10% weight loss 321 

between intensity groups (RR: 1.14 [95% CI: 0.54, 2.35], p=0.703).  322 

 323 

 324 

DISCUSSION  325 

The main finding of this study is that using either Lower or Higher Frequency Feedback in an 326 

internet-based personalized nutritional intervention is efficacious in improving health-related 327 

behaviours, including overall diet quality. In the short-term (at 3 months follow-up), Higher 328 

Frequency Feedback produced significant benefits in overall diet quality although the effect sizes 329 

were relatively small. These included reducing salt and saturated fat intake as well as reducing 330 

body weight, BMI and WC in individuals who were overweight or obese at baseline. The public 331 

health implications of these findings are important since 10.8% and 14.9% of men and women 332 

are obese worldwide 28. Thus, implementing Higher Frequency Feedback interventions (feedback 333 

provided once a month) could lead to significant improvement in diet and greater weight 334 

reductions than using Lower Frequency Feedback (feedback provided once every three months). 335 

However, in this study, most of these advantages in the Higher Frequency Feedback group were 336 

not sustained at 6 months. The exception was in the percentage of participants achieving ≥5% 337 

weight loss, where the risk ratio of achieving weight loss was significantly greater for the Higher 338 

Frequency Feedback group at 6 months as well as at 3 months (Figure 1). Achieving ≥5% weight 339 

loss is often used as a cut-off for clinically significant weight loss, although smaller weight loses 340 

are also associated with improvements in markers of cardiovascular disease risk 9, 20, 29. 341 

Similarly, improving the diet quality has important implication for health. For example, reduced 342 
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salt intake is associated with lower risk of developing hypertension, a major risk factor for 343 

cardiovascular diseases 30 while improving the overall quality of the diet is associated with 344 

reduced all-cause and cause-specific mortality 31, 32.       345 

 346 

The definition of feedback frequency for lifestyle interventions reported in the literature varies 347 

considerably 10, 33, 34, incorporating frequency and total number of contacts, total contact time and 348 

duration of the intervention. A recent meta-analysis of 12 randomised controlled weight loss 349 

interventions delivered via mobile phones reported that duration and interaction frequency 350 

improved efficacy of weight loss interventions 10. Although this meta-analysis confirms that 351 

more feedback may lead to larger behavioural changes, the nature of the intervention (delivered 352 

via mobile phones) and the frequency of contact (once or more per day) differed from our 353 

protocol. O'Brien et al. reported outcomes from a trial in which overweight/obese Australian 354 

adults were randomized to a standard online weight loss program or to an enhanced version of 355 

this program that provided additional personalized feedback and reminders. The intervention 356 

targeted self-efficacy, goal setting and self-monitoring of weight, dietary intake and physical 357 

activity levels. Participants who were randomized to the enhanced group (personalized feedback 358 

+ weekly contact) had larger weight reductions compared with those who were randomized to 359 

the basic intervention group (weekly contact) after 12 weeks 35. In contrast, change in diet 360 

quality, measured using an Australian diet quality score, was not significantly different between 361 

the enhanced and basic interventions 35. In this case, the nature of the additional contacts differed 362 

between treatment groups so it is uncertain whether more feedback/ contacts per se would be 363 

equally effective. Similarly, a meta-analysis of face-to-face trials reported that “higher intensity” 364 

interventions i.e. those with more frequent face-to-face contacts were associated with larger 365 
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changes in dietary intake and that this difference was significant for total dietary fat intake and 366 

for daily servings of fruit and vegetable 36. Our findings corroborate the larger difference in total 367 

fat intake but we did not observe a significant difference between Frequency groups for fruit and 368 

vegetables intake.    369 

 370 

Importantly, our results show that participants randomized to the Higher Frequency Feedback 371 

group resulted in slightly, but significantly, fewer participants completing the 3 months study, 372 

92.2% compared with 98.5% for those randomised to the Lower Frequency group (Table S6). 373 

However, between month 3 and month 6 when both Higher and Lower Frequency had the same 374 

number of feedbacks, the number of dropouts was the same (n=20) for both groups. Compared 375 

with the Lower Feedback group, the participants randomized to the Higher Frequency group 376 

were more likely to have dropped out of the study by months 3 and 6, respectively (RR: 1.78 vs. 377 

1.58).  378 

 379 

Although the two groups compared in this analysis differed in frequency of feedback (5 times v. 380 

3 times), all of the additional feedback occurred within the first 3 months of the study so that 381 

there was no difference in feedback frequency between the groups for the second half of the 382 

study i.e. from 3 months to 6 months. Whilst there was good evidence that the Higher Frequency 383 

Feedback group performed better at 3 months, almost all of those advantages had disappeared by 384 

6 months. This suggests that the benefits of higher frequency feedback do not endure when the 385 

extra feedback events are stopped and, therefore, from a longer-term perspective, there may be 386 

no advantage in devoting resources to provide additional feedback beyond that offered to those 387 
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in the Lower Frequency Feedback group. In addition, randomization to the Higher Frequency 388 

Feedback group resulted in slightly fewer participants completing the 6 months study, whilst the 389 

impact of the intervention on the diet of those dropouts is not known, it would be reasonable to 390 

assume that they will not have benefitted as much in terms of dietary change as those who 391 

remained in the study. Therefore, these findings question the overall benefit for public health in 392 

those randomised to the Higher Frequency Feedback group. 393 

 394 

Strengths and limitations 395 

The Food4Me study is the largest internet-based, PN intervention study to date and provides 396 

robust evidence for the beneficial impact of personalized Lower and Higher frequency feedback 397 

on dietary intake and obesity-related outcomes. An internet-based platform to deliver the 398 

intervention was effective in retaining participants; 85.2% completed follow up after 6 months 399 

intervention, which is high compared with previous web-based survey 37.  400 

 401 

Compared with conventional face-to-face interventions, the internet-based design of the present 402 

study limited the number of measures collected. Furthermore, all data collected during the study 403 

were self-reported or derived from biological samples collected remotely. Thus, there is the 404 

potential for non-differential information bias 19.   405 

 406 

 407 

Conclusions  408 

In summary, both Lower and Higher Frequency Feedback interventions were efficacious in 409 

promoting health-related behaviour changes. Higher Frequency interventions produced 410 

https://doi.org/10.1016/j.amepre.2019.03.024


American Journal of Preventive Medicine, https://doi.org/10.1016/j.amepre.2019.03.024 

 

20 
 

significant (but relatively small) improvements in overall diet quality and weight loss than Lower 411 

Frequency at 3 months follow-up. However, most of these advantages were not sustained at 6 412 

months follow-up, except for body weight and BMI, when the frequency of delivery of 413 

personalized nutrition advice and feedback over months 3 to 6 was identical between the two 414 

groups. In addition, attrition was significantly higher in participants in the Higher Frequency 415 

group in the first 3 months. These results suggest that higher frequency feedback may not be 416 

advantageous in improving public health using such internet-delivered personalized nutrition 417 

interventions.   418 

 419 

  420 
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Figures legends  545 

 546 

Figure 1. CONSORT diagram 547 

 548 
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 549 

Figure 2. Changes in overall diet quality, nutrients and anthropometric characteristics at month 3 550 

and 6 between Lower and Higher Frequency Feedback group.  551 

Data are presented as delta with the corresponding 95% CI. Deltas between month 3 and baseline 552 

or month 6 and baseline are presented for the Lower and High Frequency Feedback groups. 553 

Analysis is restricted to participants randomized to Levels 1 -3 who received personalized advice 554 
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targeting the specified dietary and anthropometric outcomes, except for HEI which include all 555 

participants randomised to Levels 1-3. Analyses were adjusted for baseline age, sex, 556 

personalized nutrition intervention arm, occupation and country. Body weight, BMI and WC 557 

were additionally adjusted for total physical activity levels. Significant differences between 558 

baseline and month 3 or month 6 by feedback group are presented in Table 2.  559 

  560 
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 561 

 562 

Figure 3. Percentage of participant who achieved ≥ 5% or ≥ 10% weight loss in the Lower and 563 

Higher Frequency Feedback groups 564 

Data presented as percentage of individuals per frequency group at month 3 and month 6. 565 

Binomial regression with log link function were performed to determine the risk ratio of 566 

achieving 5% or 10% weight loss by frequency group and time point (month 3 and month 6). 567 

Analyses were adjusted for age, sex, personalized nutrition intervention arm, country, 568 

occupation, total physical activity and baseline body weight.  569 
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